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@  Position  indicating  system. 

@  The  invention  relates  to  a  position  indicating  system 
employing  an  alignment  laser  beam.  The  object  of  the  in- 
vention  is  to  provide  such  a  system  with  a  means  of  detect- 
ing  and  correcting  any  error  in  the  x-axis  direction  addition- 
al  to  detecting  and  correcting  any  error  in  the  y-axis  direc- 
tion,  which  objective  is  met  by  a  system  in  which  a  beam 
splitter  is  located  in  the  path  of  the  laser  beam  to  provide 
a  primary  beam  for  the  purpose  of  establishing  a  datum  line 
and  to  create  a  secondary  beam  for  projection  on  to  a  target. 
Thus,  with  the  primary  beam  set  in  its  required  direction,  the 
target  is  located  such  that  the  secondary  beam  is  at  its 
centre,  and  when  any  deviation  of  the  primary  beam  direc- 
tion  is  automatically  signalled  by  movement  of  the  second- 
ary  beam  from  the  centre  of  its  target. 
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 T h e   invention  relates  to  a  position  indicating  system 
employing  an  alignment  laser  beam.  The  object  of  the  in- 
vention  is  to  provide  such  a  system  with  a  means  of  detect- 
ing  and  correcting  any  error  in  the  x-axis  direction  addition- 
al  to  detecting  and  correcting  any  error  in  the  y-axis  direc- 
tion,  which  objective  is  met  by  a  system  in  which  a  beam 
splitter  is  located  in  the  path  of  the  laser  beam  to  provide 
a  primary  beam  for  the  purpose  of  establishing  a  datum  line 
and  to  create  a  secondary  beam  for  projection  on  to  a  target. 
Thus,  with  the  primary  beam  set  in  its  required  direction,  the 
target  is  located  such  that  the  secondary  beam  is  at  its 
centre,  and  when  any  deviation  of  the  primary  beam  direc- 
tion  is  automatically  signalled  by  movement  of  the  second- 
ary  beam  from  the  centre  of  its  target. 



T h i s   i n v e n t i o n   r e l a t e s   t o   a  p o s i t i o n  

i n d i c a t i n g   s y s t e m   e m p l o y i n g   an  a l i g n m e n t   l a s e r   b e a m  

or  b e a m s ,   and  i s   p a r t i c u l a r l y ,   but   no t   n e c e s s a r i l y  

e x c l u s i v e l y ,   c o n c e r n e d   w i t h   t h e   a l i g n m e n t   o f  

t u n n e l s   d u r i n g   b o r i n g   or  a l i g n m e n t   d u r i n g   p i p e  

j a c k i n g .  

A l i g n m e n t   l a s e r s   a r e   a l r e a d y   w e l l   k n o w n ,  

and  h a v e   t h e   a d v a n t a g e   of  p r o v i d i n g   a  c o n t i n u o u s  

r e f e r e n c e   beam  p r o j e c t e d   a l o n g ,   e . g . ,   a  t u n n e l ,  

d u r i n g   b o r i n g ,   f o r   c o r r e c t   a l i g n m e n t   of  t he   a x i s   o f  

t h e   t u n n e l   in  r e s p e c t   of  b o t h   t h e   s o - c a l l e d   x-  a n d  

y-  a x e s   d i r e c t i o n s .   S o  l o n g  a s   t h e   b e a m  i s  

c o r r e c t l y   s e t ,   s u c h   s y s t e m s   a r e   h i g h l y   e f f i c i e n t  

b u t   a  m a j o r   d i f f i c u l t y   p a r t i c u l a r l y   when   t u n n e l  

b o r i n g   s t e m s   f r o m   t h e   f a c t   t h a t   t h e   l a s e r   b e a m  

g e n e r a t i n g   e q u i p m e n t   m u s t   be  i n s t a l l e d   in  t h e  

t u n n e l l i n g   s h a f t   a t   t h e   b e g i n n i n g   of   t h e   t u n n e l .  

B e c a u s e   of   t h e   u n a v o i d a b l e  a c t i v i t y   and  v i b r a t i o n  

in  t h a t   a r e a ,   i t   i s   a l m o s t   i n e v i t a b l e   t h a t   t h e   b e a m  

d i r e c t i o n   w i l l   be  d i s t u r b e d   in  e i t h e r   or  b o t h   o f  

t h e   x-  and  y-  a x e s   d i r e c t i o n s .   The  m a j o r i t y   o f  

s u c h   e q u i p m e n t   i s   e q u i p p e d   w i t h   an  a u t o m a t i c   s e l f -  

l e v e l l i n g   c a p a b i i t y ,   a l l o w i n g   e r r o r s   in  t h e   y - a x i s  

d i r e c t i o n   to   be  c o r r e c t e d ,   b u t   t h e r e   i s   no  s y s t e m  

known  to  d a t e   c a p a b l e   of  d e t e c t i n g   and  c o r r e c t i n g  



an  x - a x i s   e r r o r   and  i t   i s   c o m m o n   p r a c t i c e   t h a t   t h i s  

m u s t   be  t e s t e d   m a n u a l l y   s u c h   as  by  u s i n g   a 

t h e o d o l i t e   f o l l o w e d   by  any  n e c e s s a r y   r e a d j u s t m e n t  

of  t h e   l a s e r   beam  to  r e - e s t a b l i s h   t h e   r e q u i r e d  

da tum  l i n e .  

The  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   r e l a t i v e l y   s i m p l e   means   f o r   the   c o n t i n u o u s  

m o n i t o r i n g   of  t he   x - a x i s   a l i g n m e n t   of  a  l a s e r   b e a m .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   a 

p o s i t i o n   i n d i c a t i n g   s y s t e m   u s i n g   an  a l i g n m e n t   l a s e r  

beam  c o m p r i s e s   a  beam  s p l i t t e r   l o c a t e d   in  t he   b e a m  

p a t h   t o   p r o v i d e   a  p r i m a r y   beam  f o r   t h e   p u r p o s e   o f  

e s t a b l i s h i n g   a  d a t u m   l i n e   and  a  s e c o n d a r y   beam  f o r  

p r o j e c t i o n   o n t o   a  t a r g e t .   P r e f e r a b l y ,   t h e   b e a m  

s p l i t t e r   i s   an  o p t i c a l   p r i s m .  

Thus  in  i t s   a p p l i c a t i o n   to   t u n n e l l i n g ,   t h e  

o p t i c a l   p r i s m   can  be  m o u n t e d   in  t h e   o u t p u t   b e a m  

f r o m   a  l a s e r   t u b e   to   p r o v i d e   a  p r i m a r y   beam  w h i c h  

can  be  s e t   to   i n d i c a t e   t h e   r e q u i r e d   d i r e c t i o n   o f  

t h e   a x i s   of   t h e   t u n n e l ,   and   a  s e c o n d a r y   b e a m  

p r o j e c t i n g   f rom  the   p r i s m   a t   a  p r e - d e t e r m i n e d   a n g l e  

o n t o   t h e   i n s i d e   p e r i p h e r y   of  t h e   t u n n e l   s h a f t .  

Once   t h e   p r i m a r y   beam  h a s   b e e n   s e t ,   a  t a r g e t   can  b e  

p l a c e d   on  t he   i n s i d e   w a l l   of  t he   t u n n e l   s h a f t   w i t h  

the   s e c o n d a r y   beam  at   i t s   c e n t r e .   P r e f e r a b l y ,   t h e  

s e c o n d a r y   beam  is  p r o j e c t e d   a t   a  r e l a t i v e l y   s h a l l o w  



a n g l e   in  any  c o n v e n i e n t   d i r e c i t o n ,   i t   is  p r e f e r a b l y  

in  a  v e r t i c a l   d i r e c t i o n   a b o v e   the   p r i m a r y   b e a m .  

C o n s e q u e n t l y ,   s h o u l d   t h e r e   be  a n y  

i n a d v e r t e n t   m i s a l i g n m e n t   c r e a t e d   in  r e s p e c t   of  t h e  

p r i m a r y   b e a m ,   t h i s   i s   a c c o m p a n i e d   by  a u t o m a t i c  

m o v e m e n t   of  t h e   s e c o n d a r y   b e a m ,   w h e t h e r   t h a t  

m i s a l i g n m e n t   i s   in  t h e   x - a x i s   or  y - a x i s ,   or  a 

c o m b i n a t i o n   of  b o t h .   The  t a r g e t   may  be  a  v i s u a l  

t a r g e t ,   w h e n   m o v e m e n t   of  t h e   s e c o n d a r y   beam  f r o m  

t h e   c e n t r e   of  t h e   t a r g e t   g i v e s   an  i m m e d i a t e   f u l l y  

v i s i b l e   i n d i c a t i o n   t h a t   m i s a l i g n m e n t   has   t a k e n  

p l a c e   and  when  a d j u s t m e n t   of  t he   e q u i p m e n t   to  s i g h t  

t h e   s e c o n d a r y   beam  a t   t h e   c e n t r e   of  i t s   t a r g e t  

a u t o m a t i c a l l y   r e a l i g n s   t h e   p r i m a r y   beam  on  t h e  

r e q u i r e d   d a t u m   l i n e ,  

A l t e r n a t i v e l y ,   t h e   t a r g e t   may  be  a  l i g h t  

s e n s i n g   d e t e c t o r   m e a n s   s u c h   as  a  n u m b e r   o f  

p h o t o e l e c t r i c   d i o d e s   c a p a b l e   of  s e n s i n g   m o v e m e n t   o f  

t h e   s e c o n d a r y   b e a m ,   t h e   o u t p u t   f r o m   t h e   d i o d e s  

b e i n g   c a p a b l e   of  a m p l i f i c a t i o n   and  used   to   s i g n a l   a 

r e q u i r e d   d r i v e   of  an  a l i g n m e n t  m o t o r   a s s o c i a t e d  

w i t h   t h e   l a s e r   p r o d u c i n g   e q u i p m e n t   to   b r i n g   t h e  

s e c o n d a r y   beam,   and  h e n c e   the   p r i m a r y   beam,   b a c k   t o  

a  p r e d e t e r m i n e d   d i r e c t i o n .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  w a y  

of  e x a m p l e   o n l y   w i t h   r e f e r e n c e   to  the   a c c o m p a n y i n g  



s c h e m a t i c   d r a w i n g   i n d i c a t i n g   t h e   e n t r a n c e   to   a 

t u n n e l   w i t h   t h e   p o s i t i o n   i n d i c a t i n g   s y s t e m   of  t h e  

i n v e n t i o n   l o c a t e d   in  t h e   t u n n e l   e n t r a n c e .  

In  t h e   d r a w i n g ,   t h e   p o s i t i o n   i n d i c a t i n g  

s y s t e m   i n d i c a t e d   a t   1  r e p r e s e n t s   a  l a s e r   b e a m  

g e n e r a t i n g   t u b e   2  a d j u s t a b l y   m o u n t e d   on  s u p p o r t  

m e a n s   3  to   l o c a t e   t h e   a x i s   of  t h e   l a s e r   beam  t u b e  

on  t he   l o n g i t u d i n a l   a x i s   of  a  t u n n e l   4  b e i n g   b o r e d .  

At  t h e   end  of  t h e   l a s e r   beam  t u b e   2  i s  

m o u n t e d   a  beam  s p l i t t e r   5  in  t h e   f o r m   of  an  o p t i c a l  

p r i s m ,   so  o r i e n t e d   t h a t   w i t h   a  l a s e r   beam  b e i n g  

g e n e r a t e d   a  p r i m a r y   beam  6  i s   f o r m e d ,   t o g e t h e r   w i t h  

a  s e c o n d a r y   beam  7  e x t e n d i n g   a t   a  s h a l l o w   a n g l e  

v e r t i c a l l y   above   the  p r i m a r y   b e a m .  

At  t h e   o n s e t   of  u s a g e ,  a n y   s u i t a b l e   a n d  

k n o w n   m e a n s   can  be  e m p l o y e d   t o   e n s u r e   t h a t   t h e  

p r i m a r y   beam  6  is  a l i g n e d   w i t h   t h e   l o n g i t u d i n a l  

a x i s   of  t h e   t u n n e l ,   and  o n c e   a l i g n m e n t   h a s   b e e n  

a c h i e v e d ,   t h e   l a s e r   b e a m   t u b e   2  i s   l o c k e d   i n  

p o s i t i o n .   W i t h   t h e   s e c o n d a r y   beam  7  e x t e n d i n g  

v e r t i c a l l y   above   the   p r i m a r y   beam,   i t   is  p r o j e c t e d  

on  to   t h e   w a l l   8  of  t h e   s h a f t   9,  and  f o l l o w i n g  

a l i g n m e n t   of  t h e   p r i m a r y   b e a m ,   a  t a r g e t   10  i s  

s e c u r e d   to   t he   w a l l   such   t h a t   t h e   s e c o n d a r y   beam  i s  

a t   t h e   t a r g e t ' s   c e n t r e .  

With  b o r i n g   of  t he   t u n n e l   p r o g r e s s i n g ,   t h e  



u n a v o i d a b l e   a c t i v i t y   and  v i b r a t i o n   t a k i n g   p l a c e   a t  

t h e   b o t t o m   of  t h e   s h a f t   c l o s e   to   t h e   e n t r a n c e   t o  

t h e   t u n n e l   w i l l   a l m o s t   i n e v i t a b l y   d i s t u r b   t h e  

a l i g n m e n t   of  t h e   p r i m a r y   beam  6  in  t h e   x-  or  y -  

d i r e c t i o n s   or  a  c o m b i n a t i o n   of  t h o s e   d i r e c t i o n s  

b u t   any  s u c h   m i s a l i g n m e n t   of  t h e   p r i m a r y   b e a m  

i n s t a n t l y   c a u s e s   t h e   s e c o n d a r y   beam  7  to  move  o f f  

the   c e n t r e   of  t he   t a r g e t   10,  and  by  an  a p p r e c i a b l e  

d i s t a n c e   b ' e c a u s e   of  t h e   s h a l l o w   a n g l e   of  t h e  

s e c o n d a r y   b e a m .  

In  i t s   s i m p l e s t   f o r m ,   t h e   t a r g e t   i s   no  m o r e  

t h a n   a  v i s u a l   a i d ,   and   t h e   l a s e r   b e a m   t u b e   2 

m a n u a l l y   a d j u s t a b l e .   T h u s   w h e n   an  o p e r a t i v e  

o b s e r v e s   t h a t   t h e   s e c o n d a r y   beam  7  i s   n o t   a t   t h e  

c e n t r e   of  i t s   t a r g e t   8,  he  e f f e c t s   i m m e d i a t e   m a n u a l  

a d j u s t m e n t   of  the   l a s e r   beam  t u b e   to  b r i n g   i t   b a c k  

to   t h e   c e n t r e ,   and  when   t h e r e   i s   t h e   a u t o m a t i c  

r e t u r n   of  t h e   p r i m a r y   b e a m   t o   i t s   r e q u i r e d  

a l i g n m e n t   w i t h   t h e   a x i s   of  t h e   t u n n e l .  

In  a  s o m e w h a t   more  c o m p l e x   f o r m ,   the   t a r g e t  

can   be  an  a r r a y   of  l i g h t   s e n s o r s   s u c h   as  p h o t o  

e l e c t r i c   c e l l s 1 1 ,   and  when  any  m o v e m e n t   of  t h e  

s e c o n d a r y   beam  f rom  t h e   c e n t r e   of  t h e   t a r g e t ,  

g e n e r a t e s   an  o u t p u t   f r o m   t h e   c e l l s   on  w h i c h   t h e  

beam  f a l l s ,   e i t h e r   to   a c t i v a t e   an  a l a r m   to   s i g n a l  

m i s a l i g n m e n t ,   or  to  d r i v e   an  a l i g n m e n t   m o t o r  



i n d i c a t e d   a t   12  to  r e t u r n   t h e   s e c o n d a r y   beam  to  t h e  

c e n t r e   of  the   t a r g e t   and  h e n c e   the   p r i m a r y   beam  t o  

i t s   r e q u i r e d   a l i g n m e n t   w i t h   t h e   a x i s   of  t he   t u n n e l .  

The  i n v e n t i o n   t h e r e f o r e   p r o v i d e s   an  a b i l i t y  

to  m o n i t o r   t h e   d i r e c t i o n   of  a  p r i m a r y   l a s e r   b e a m ,  

and  p r o v i d e   an  i m m e d i a t e   i n d i c a t i o n   t h a t   t h e   p r e -  

s e t   d i r e c t i o n   of  t he   l a s e r   beam  has  d r i f t e d   in  t h e  

x - ,   and   y-   d i r e c t i o n s ,   or  a n y   d i r e c t i o n   o r  

c o m b i n a t i o n ' o f   t he   x-  and  y-  d i r e c t i o n s ,   f rom  w h i c h  

i t   w i l l   r e a d i l y   be  s e e n   t h a t   w i t h   t h e   l a s e r   b e a m  

u s e d   e . g .   t o   c o n t r o l   t h e   b o r i n g   m a c h i n e   of   a 

t u n n e l ,   or  t h e   a l i g n m e n t   of  s u c c e s s i v e   l e n g t h s   o f  

p i p e ,   c o n s i d e r a b l y   g r e a t e r   s u r e t y   is  p r o v i d e d   t h a t  

t he   l o n g i t u d i n a l   a x i s   of  t he   t u n n e l   or  of  t h e   p i p e s  

is   m a i n t a i n e d   in  i t s   p r e d e t e r m i n e d   d i r e c t i o n .  



1.  A  p o s i t i o n   i n d i c a t i n g   s y s t e m   u s i n g   a n  

a l i g n m e n t   l a s e r   b e a m ,   c h a r a c t e r i s e d   by  a  b e a m  

s p l i t t e r   (5)  l o c a t e d   in  t h e   beam  p a t h   to   p r o v i d e   a 

p r i m a r y   beam  (6)  f o r   the   p u r p o s e   of  e s t a b l i s h i n g   a 

d a t u m   l i n e   and  a  s e c o n d a r y   beam  (7)  f o r   p r o j e c t i o n  

on  to   a  t a r g e t   ( 1 0 ) .  

2.  A  p o s i t i o n   i n d i c a t i n g   s y s t e m   as  i n  

C l a i m   1,  c h a r a c t e r i s e d   in  t h a t   t h e   beam  s p l i t t e r  

(5)  is   an  o p t i c a l   p r i s m .  

3.  A  p o s i t i o n   i n d i c a t i n g   s y s t e m   as  i n  

C l a i m   1  or  C l a i m   2,  c h a r a c t e r i s e d   in  t h a t   t h e  

s e c o n d a r y   beam  (7)  i s   p r o j e c t e d   a t   a  r e l a t i v e l y  

s h a l l o w   a n g l e   in  any  c o n v e n i e n t   d i r e c t i o n ,   w i t h  

r e s p e c t   to   t h e   p r i m a r y   beam  . ( 6 ) .  

4.  A  p o s i t i o n   i n d i c a t i n g   s y s t e m   as  i n  

C l a i m   3,  c h a r a c t e r i s e d   in  t h a t   t h e   s e c o n d a r y   b e a m  

(7)  l i e s   v e r t i c a l l y   a b o v e   the   p r i m a r y   beam  ( 6 ) .  

5.  A  p o s i t i o n   i n d i c a t i n g   s y s t e m   as  in  a n y  

of  C l a i m s   1  to  4,  c h a r a c t e r i s e d   in  t h a t   the   t a r g e t  

(10)   is  a  v i s u a l   t a r g e t .  

6.  A  p o s i t i o n   i n d i c a t i n g   s y s t e m   as  in  a n y  

of  C l a i m s   1  to  4,  c h a r a c t e r i s e d  i n   t h a t   the   t a r g e t  

(10)   is  a  l i g h t   s e n s i t i v e   d e t e c t o r   m e a n s .  

7.  A  p o s i t i o n   i n d i c a t i n g   s y s t e m   as  i n  

C l a i m   6,  c h a r a c t e r i s e d   in  t h a t   t h e   t a r g e t   c o m p r i s e s  



a  number   of  p h o t o   e l e c t r i c   d i o d e s   ( 1 1 ) .  

8.  A  p o s i t i o n   i n d i c a t i n g   s y s t e m   as  in  a n y  

of  C l a i m s   1  to  7,  c h a r a c t e r i s e d   in  t h a t   a  l a s e r  

beam  g e n e r a t i n g   t u b e   (2)  i s   m a n u a l l y   a d j u s t a b l y  

m o u n t e d   on  a  s u p p o r t .  

9.  A  p o s i t i o n   i n d i c a t i n g   s y s t e m   as  in  a n y  

of  C l a i m s   1  to  7,  c h a r a c t e r i s e d   in  t h a t   a  l a s e r  

beam  g e n e r a t i n g   t u b e   (2)  i s  m o u n t e d  o n   a  s u p p o r t  

f o r   a d j u s t m e n t   by  a  d r i v e   m o t o r   ( 1 2 ) .  
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